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Introduction 

For a rigid quantization of gauge theories the generalized 
Hamiltonian formulation (GHF) is used /1,2,3/. It allow8 one to 
carry out the quantization procedure without an explicit solution 
of theconstraintequations and gauge conditions (bya common opini
on, the gauge-theor~ const~aints ~annot explicit~y be solved). 

During the last sever~l years, in the gauge field theory a 
set of problems has been fac'ed, whose solution depends on the gau
ge choice: for example, computation of the fermionic Green 'functi 
ons, quantization of the theories with chiral anomalies, interpre
tation of the gauge ambiguitiea etc. 

In this paper we have tried to solve theae problems in the 
~ramework of the standard hami1tonian formulation (HF) after an 
explicit solution of the constraint equations. 

In section 1 the free electromagnetic field ia used to present 
the quantization procedure proposed. Section 2 1s ~evoted to 
computation of the fermionic Green function in QED In sec3+1• 
tion 3 the quantization of the chiral Schwinger model is considered. 
In section 4 the same method ia applied to quantization of non
Abelian theory. 

1.	 Canonical guantization of the free electromagnetic 
field 

Dirac's quantization of	 the free electrom~gnetic field 

l,(:x.-) • - f f;.v rf'v.1 (d,.4; -d" .4,/- f 8/ 
5 : Jd4;x: :t(x).	 (1) 

consiste in the following (aee, for example ref. /3/).F~rst,one 

determi~ee the canonical momenta and Poisson brackets 

7;t _ 
JT:= -: ror; -i{~}AlJj =JrJ!l(x-J)r<- ~ (OD!l ) 

(2 ) 

and finde out the primary (l/í;;= FOfJ = O ) and eecondary (°1 ' JT.i :: O 

conetra~nta which are present in the Lagrangian itself.In the case 
under conaideration the aecondary constraints coincide with the 
Gauss lawl 

I
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~=o I=? o/ Ao -= 0,[ ()o Ai 
tf Ao	 {J) 

Then,one 6upplements theae conatrainta with the gauge equationa 
(for example, the Cou1omb gauge onea Ao: O and 0'[" Ai z: O ), e o thst 

the who1e set { ljJ~ ~ Jro ; l.f:z..:: 'ê),,: JTi; ~ := A o ; ~ -::: '0'[' Az." J 
wou1d fbr m a aecond-c Laes c one t ra í.nt; ays t em with nondeganerate Pois

aon-brackete matrix (~> Y;?J j .:: C0(;(3; d~-6. C::/: O. The- next atep 
ia to determine independent variab1ea with the be1p of the inversa 

. C--I A :;,A- i A)Y~JCd.,~ V • As a reau1t, one ge t smatr-í.x ti.(!>: I -1 7(b 

in tbe Coulomb gauge f)t A{::: O ) A/ .::. o nonlocs1 cominutationa1 
re1ations 

T ~ I -'l> 1 J'rd~(+-JIo)
·i, [ Ec (~, i ) Ai (;;, i) = ofi' X -;; 

J'.T (p Ô I à) -T 'r -r :
ij:: ui - t' ~ j ) ti z: ~ z: Ol-/ Ai' (4) 

It ia iroportant to note tbe speoific position the Coulomb gau
ge takes, Le., a tra·naition to anotber gauge , for e~mp1e A,3 =O , 
is connected with nonc8nonioa1 transformations and 1eads to noncano
nica1 com~utation relations (the qifficu1ties in quantization in 
other gauges are considered, for exemplo, in paper /4/). 

In the Dirac Bcheme described abava the conserved quantities 
constructed with the canonica1 energy-momentum tensor do not 1ead 
to 8 correct transformatlon 1aw for the fie1da AT • As hae been 
shown by Schwinger /5/, the crucial point for reatoring the re1a
tivist1c covariance Df the transversa variab1es A T ia the non
ioca!ity of the commutation re1ationa (4)*) and the choice of the 
gauge-invariant energy-momentum tensor (Be1infante tensor) 

TI'~ ~ tr~ r \ - jr ':L.	 
(5) 

Thia tensor diffars from the c8non1081 one by a fuI1 derivative 

Ô)t 1/)"uv Df the antiaymmetric in r J 'J tensor ~ )j-tl.1 • Together 
with the Schwinger tel.'m Clt: cf'J(x-~) in the commutator (4) it l'es
tores the correct tranaformation propert1ee of the transversa fie1da 

A;=(O)	 Ai')· 

';Ij')The a rgumentafDl' using local commutation relations i [Et (:t,-I::) 
Ai('1lt)]-=-OjJ?1(.x~'j.)tn the Cou1omb gauge are by no means convincing'. 

2) 

8A;::. i é. k [Mo:, Ç] == ~o~: + ~ /l ) 
('o A r , 

(6 ) 
where OL;U being the ordinary Lorentz transformation, and 

t{ "T
J1 := B2. EJ< AJ(
 

fI1o: ;: Jd3X ( -I:~: -X k ~o5).
 
(7 ) 

The physical meaning of transformations (6) is that the 
transverse fie1ds A T are ohanged togethe;r w1th the time-axis 
l)'l° -=. (A, O, O, o) r'ota t í.ona .e-x = t?0x./".:: /;; • The transi tion to 
another axis tf<' =e; +- d'/ I!.,/A{) simu1taneous1y changes the 
ga~ge. Thus, the transverse re1ativistica11y covariant fie1ds con
sidered by Schwinge~/5/ practica11y do not'correspond to any fixed 
gauge choice and this is in fact, the proof of their re1ativistic 
covariance. It ia hard to realize in the Dirac quantization appro
acb the specific role of the transverse variab1es ~ T : the non
standard transformation prop~rties,non-correspondence to a fixed 
gauge in different Lorentz systems, the necessity of non10cal 
commutation re1ations (4). At the same time alI these properties 
are trivial consequences of the quantization scheme based on the 
exp1icit solution of the constraint equations. 

Indeed, 1et us consider Lagrangian (1) and tensor (5) on the 
exp1icit solutions of the constraint (3) . 

A (A ' ) .::	 - -LJ d~x. Ô" Ô(lAi . 
o l 4x Ix-i/ 

(8) 
Because of their gauge invariance, expressions (1 ) 

and	 (5) depend on1y on the variab1es 
T "r

Ai (A-)::	 di te AI< 
(9 )

T - T 

E·' - V ~ o A' - ~. A (A) = 6·. A· == ()oA i )
l - L ,,0 'J ;

which are connected with the initia1 fie1ds A/( in a non'l oca I way. 
Th~ fie1ds (9) describe on1y two independent degr~es of'free

dom. This is a resu1t of their invariance under gauge transforma
tions of the initia1 fie1da 
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A/,(1, +) :: A{ (:2~ -6-) + (),: ~ (~~ -&) 

Ao (Ai~):::	 Ao -4- ()o ~ 

O· A:- =.- oA:- (A.. -+ o· ))= A·"r (A . ) 1. 1,. 
t ~ /"	 L t. (10 ) 

To surnmaTize: the HF-method for quantization of gauge fields 
consists in solving explicitly the constraint equationa (the Gauaa 

I~) 

J5 = O
 
cf Ao
 

and applying the gauge-invariance principIe in conatructing the 
energy-momentum tenaor and the canonical variabIea. 

The only ambiguity in such an approach is in the time-axis 
QG" eO= i choice. Removing of thia ambiguity ia the aubject of 

Section 2. 

2.	 Proof of the reIativiatic covariance of the fermion Green 
furiction in QED. 

The transverse variabIes which appear naturaIIy in solving the 
conatraint equations are conven1ent' in caIcuIating aome tangible 
pbyaical effecta. For exampIe, the Lamb ahift corrections 
O ( 06 6 ) are calculated only by the use of these variabIea. On 
the other hand, just for .them the renormalization procedure is not 
held·because	 of the absence of manifest relativistic covariant 
expression for the	 eIectron Green function /6,7/. 

For constructing such an expression, we shaII appIy to the 

eIectrodynamics 

~(~)=-l~vl:r~+ Y;(ilr~-Wl)lf 

'lr::: 2t;V	 -I- i e A~ (11 ) 

the HF-quantization method. The Hamiltonian, momentum and other 
con~érved quantities Hs.::5d?lx. TooS. ;)" Pk.5 

;. Sd 3,x To~; N o~ 
will b~ obtained with the help of the Belinfante tensor 

S
Tr ,) = Fr ), F).V + l CfI lJ 'l7; 'f - dF ;;(+ (12) 

+ 1{} >.iif[ fJ/"!.]I~ +o' ~"F/VJ)!'] lI/j 

4 

Let. us choose tbe time' axis e!,o:: (1, O, O, O) • On t he Gausa-equa

tion solution	 ' 

1~==o .~ Ao (A i) ,= ô ~ (()i O(J Ai - J'" )
cf' Ao	 /( 

the Lagrangi~n and the BeIinfante 'tensor are expressed only in 

terms Of nonl~cal gauge-invaria~t variabIes 
"""IC ) /\ -1	 7"47Ai Ai .::?J] (Ai + Oi ) V-J 5 Ai z: í e Ôíj Ai 
tp] = lf'j Y:: (p T,	 (13) 

where 
- " A T ( I. T)A 

A 

r - -t e- jA- ; A- : -;;;. d" , Ai ' 

t 
1f. = ""/oI/L i Jdt'J.. ».» Â.J:: t{!/.:Gjt"I!... O.À.j·(14)

I ~ -7 - o~ L oI t I 'j)2. /" l 
~	 k 

Now tbe HamiItonian takes the form 

11 J 3 [-1 T 1.	 .f ( .,. )z . -T .,. T)n > d:x. 'i"Fc i -i é.~.'J«()iAk. -i<frv;.(A)lf . (15) 

Commutational reIations 

{4-'/ (", f ), ';J ~. (:i' 1: )j z: J;,f3 tI (x-i) 
-i[ A/Ci'.i-\ A/(j,t)j= ti; tJei-j) 

together with the BeIinfante tensor (12) lead to tbe following tran
sformatión laws for the operators tj.) j A; und er the Lorentz trans

forníation with parameters é k. 15/ 

to ljJT = [é"	 [ N O~ ) lfJ l' ] .: tl.() lf'" _ te 11 <f r 

6A; = t' 6 k	 [ No•• ~ ] .: J;, oA;L~ -I- 27r 11 
. ..( (. T T).Jl = t;/(. ~ A + Ô A

~.t k k.,,'
(l o o r (16 ) 

where 0L 1s the ord1na~y Lorentz transformat1on. 
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TranBformatione (16) have been obtained for the first time in 
paper~/8/ (aee also /9/) but the role of the Belinfante tensor has 

not been realized there .. 
In the HF-aPP:t'oaeh tranBformations (16) reproduee the claasi

cal transformations of nonloeal invariant variablee (13) .. 
Now we are ready to prove the relativistie covarlance of the 

electron Green funotion 

O;rl'ô"{f-~)iG(p)Jdtodj (2-if" -'1:1(0 IT /JJ h);j;~~)/01.;7) 

(1/" 'IV' ",d \where ~ ) ~ , are ~ield operatora in the Heiaenberg repre
sentation.. In the one-loop approximation G (p) is written as 

G(p)	 = Goef) + Go(p)Z(p)Go(p) + 0(0<") 

l(p)~ 5q;d+~: [J'1:(~)!i§.4·+!o~fof) 
where
 

.\~ T ( ) ,{

(dl})=	 Q(Jl.1í)" ; Ji/}J = Sii -ti if~ h ; ~ =G. o (p-'j- =-- • 

In the el&otron rest frame Pr-': c-:» = O) the aelf-energy
 
operator may be written aa /10/
 

zr -J (drt) :v - J~ /ó 1 fo -:
lPt) - 9;+it p-~+f" ~J, ~ « rn 

= f,. [In (j~+") - JJ(f-"')j+ XII. Cf!"')' (16) 

where 

:t G )=ri ~A-h1)'),t~[t#(~~)7.lr1f ro->n. LJ 
It Pt 47 f p~ ~- ma lil :&12.. J _JJfA r 

(~ :.1 -rE + /h.v 4Jr; é 1a tbe d~menslonal regularisation 

pa1-'ameter).. 
Ono naa to take lnto aoeount tbe additional diagrama whloh 

are 1ndueed by the oporator}l .wben paaa1ng tp anotber Lorontm 
, 9ys:em (Fig.1) .. Tbas~ dis87ams. in fl!\ot, oorrempond to 8 obanga 
I Df the	 gauge 

, I 
6' 

, 
1i AtC?) ~ O I=i> (~r -t; ~/'- )A; ('}) z: O 

~ I ( / -:.'-, )ft" t:	 jJO) f .;r= o' . (19 ) 

~ ,~ + ...H i\ + "J\ H 
Fig.1 ..	 The additional diagrama tha~ muat be taken into 

aocount when passing to another Lorentz frame .. 

For the moving frame f),:: (fó( " ; 1:1:- O) we shall obta1n expreas í.on 
(18) agaí.n but with f == fodo and /0:<' changed to I' 

and p)., Jl. .' respeetively /10/ .. 
Thua. we are convinced that in the canonieal quantization 

approaeh with sn explicit solution of the constraint equation the 
exproasion for the eleotron aelf-energy is relativistically covari-" 
ant, has no 1nfrared divergences and allowa a renormalization with 
aubtraetiona on the masa ahell .. That meanss the problem stated at 
the'beginning of this aection ia aolved for the transverse variableB~ 

The diffieultiea in deaeribing the eleQtron, self-energy in pa
pera /6,7/ we~e cauBed by treating the transverse variablea as fix
ed (noncovariant)-gauge onea .. That ia why in these papera ~he cova
riant tranaformation lawB (16) could not, been takep into account .. 
Therein had been made a nonphyaical choice of the time axis 
l;V= (4( 0,0 , o) for the Green function of the moving electron ,) = 
( po'.J l'..f O ) .. The point ia that the time axia fixes the Belf
Coulomb-field component and must be chosen to i~sure the eoinciden
ce Df the velocities of the electron iteelf and itB Coulomb field 
(Fig..2)~ Ela8wbere there arias relativistie noncovariane~. infrared 
dí.ve rgene fea and difficulties wi th the renormalizations'.. The time
axis choie~ .in the reat frame of the e~ectron ia essential only in 
oalculating the one-partiele Green function and ita physieal resi 
duas &'~jJ"Wf(p-Wi)G(f»::f .. AlI other B~attering ampÍ11fudea do 
not depend on the time-exia, choiçe,on the mess ahell, just 8S in 
the D~rao approach ~hey do not depend on the gauge choice .. 

- ...... " ...I __\. ...,.,f Fig..2 .. 

{ 'r- ~Tbe time-axia choies in computation of tha eleetron
i 'g;IoI 

\ I Green function (dashed line denotes the electron ' 
,,~ self Coulomb field) .. 
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3. The ehiral Sehwinger model 

~he ehiral Sehwinger model with left-handed fermions 
. .I • í V. +A ' -I (- ') ')).t///0 -+
Ct (,J:) ::"l -rJ. o+- r: -e. .., '- -I- v: -I- - (/..;. A _- 0'_ A.;.:z.; 

~--I- :: -& t:x.. ? -{.. :: i (do :!: ô4 ) 
- ;J - .Jv 

has reeently been eonsidered from several points of view /11/ in 
eonneetiun with the ehiral anomalies problem" However, the resulte 
for the mass epeetrum are not in ~greement with ~aeh other.' Here, 
we ehall use the HF-method for q~antization of ~he modelo Following 
the resulte,of the previoue seetion we ehoose ~~ ae a time axis 
(the directiun along the "quark" trajeetory.). The explieit solution 
of the eonstraint equation ó\S/crA.,. :::. O leads to the 'following 
nonloeal variables whieh are analogous to those in (9), (13): 

• 'lCVA 1" -= e - ico ( A_ + .~ o_)e ~ o 
e 

iy! _ l' W I//' 

'l,. - e ''- cJ:: - ()~ A_	 (20) 

Here, ae in the usual Sehwinger model, the bosonization allows 
one to find the mass speetrum~ it eontains only one massive sealar 
partiele with rn.:: e/fi , whieh is a fermione bound atat e , 

Hnwever, if the initial (not gauge invariant) fielde ~ 

are eonsid~red as basie quantized fields~ there appears a kinetie 
term for the longitudinal field oU in the effeetive aetion of 
the model as a eonsequenee of the axial anomaly 

. S = j d~ (~wYJ. 
W	 ~J1 

The aetion i>vJ is entirely quantum one, the physieal reason for 
its appearanee being the Dirae ssa /12/. In sueh a eonsideration one 
finde oné more (already massless) partiele in the model speetrum. 

4.	 Canonieal guantization of non-Abelian theory with an explieit 
solution of the eonstraint eguations 

1et us apply the HF-quantization metnod*) to the non-Abelian 

*) ..
FirBt attempt to quantize a non-Abelian theory with explieit
solution of the constr.aints has beeiJ. performed in paper /13/
(see, aslo /14/ and the literature tnerein). 

theory with a 1agrangian 

Jt(xJ~ - f ~F;W~ + t-lFr- J7 r.r 
A -'\ r;(A.,A~ 

~::'Or+A-r ) Â-/":::'J'v 
A Ao ...... ..,. "" 

Frv :: ~Âv - ()~ A-)4 + [Ar I A- tJ ] • 

(21)
t- The Belinfante tensor has the sam~ forro as (12) up to 'renota

I" tions whieh are speeifie for the non-Abelian theory (see, for exam

I: 

li 
pIe /5/). Consider ~ and jr~ on ~he explicit solutions of Gauss 
equation 

;t. a.,.a.. a.
Vi Ao :: d~ + Pt ' '00 A; 

ai, ~ cJc c . «... ii:ti I: t<.. u)
( \li . z: cf ()i -+J f. Ai ;;~ =.!.,,!r T •T 

Here we are faced with a problem analogous to that uf gauge 
ambiguities /15/. 

Formally, we may write the Gauss equation s-olution and non
local variables like (13) in the ,forro 

Aa.. ~.i- · ~ + tL 4.-[A ) Q..r Q-(Ak,) :: .L. V~ 77 ÂI< o V.~ Jo l, u. ;)	 017,.l.
L	 , 

(22 ) 
Ao r "1 ., 

Ái (A):: zJI	 (A i ·tO t ) lJí 

'r' :. o, <r, (23 ) 
where the matrix V; ~ Vr (Â ) satiafias the following equa~ion: 

-'\ 
-i 

fio iYJ" ::: ~l' a IJi~T~[ J<1-1:'~j. 
(24 ) 

I The transformation properties of the matrix ~1 ~ that folluw 
r from eqs. (24), ensure the invariance of variables (23) under gauge

'\ transformations of the initial fielas /14/

Â/ : j (Âi + ô, )r' } ~ t)--c (,4)J -/ (A!) =~, (/I) := 9 1.f' 

8	 '9 



Jl 

I! 
L 

8nd the fulfilling of the identitiee I 

Vi Ôo Ai r =O 

i
Jdi I V,' (A ') 00' A/' s O'.
 
(25 ) 

This maane we have got rid of alI unphyeical degr~es of freedom. l 
Formal reíationa (22) - (25) are meaningful in the sense of per
turbatiVe series expanaiona, if there do not exist zeroe of the 
operator ~.~ • Otherwise the matrix ~r ie determined up 'I 
to a left multiplication by 8 gauge factor tl which satisfies 
the z~ro móde equatione /14/ i /1 

V.~ u:' Ô U = rJ . Jd-l:(P.~'tV~1 () tA,,:. O, 
& o 1 '. o' I 

(26 ) I
ThuB, th& gauge ambiguities problem,in HF-approach appeara ae
 

a dynam10al problem of the full solution of Gauss equatlon. (Non

trivial examplea of zero-mode aolutions oi (26) leading to a colour
 
confinemént due to the deatruotive interferenoe of the phas e factora ~ ..
 
oU have 'be~~"-""'eO:ri8idered in papera /14.,16/). Hera we ahall oonet


ruct àn operator-level canonieal quantizGtfon Of a non-AbeliBn gauge
 
theo~ after a8auming only trivial aolutioná of eqs. (26) (~, J ).
 

It ia eaai~y seen that variablea (23) with.ldentitiea (25) 
eannof be cancní.cat onea satiafying commutotionBl relati,ona (4), (15). 
The transit10n to the invariant oanon10al vari~bles lik;e (15) con 
be performed by the help of 8 usual ohange of the variábles 

",,·'I" r- ( "'1 ) ,4 1") 
. Ai =~(A ) 4i f 'Jr~ V:,. (A / ~ Cf.r;: ll:,..(A:r)~r 

, (27)
 
ao that tho new variablea Ai r
 sat1sfy the traneveraality
()ond1tibn 

Ar r ""'.r " õi Ai ~ O:::. l!r o,,: A-,. - 'p',. ( u-; 4 ~l tJ-r )] tJ:,.<. i 
(28 ) I

The explio1t tom of tbe tranB1tion matrixl.!7(A'ia given by 
the solutlon of (28) 

~Jv;., (A l):. ~ f-.1 (J/< ,AI!'
v" a, " (29 ) 11 

(her~ the ~ero modes of tbe'operator $V;'Ôj a~e omit~ed again). f 

Th16 ·matrix i~ ~ot degenereted, ao the number of oomponente of 
A T' . Ã t ' 

V'aris'Qlea . anâ .Mo.: ia one and the aame, Note. that.' . 

the[t1i~ ~~ariable8 are a180 invariant under gauge transformBtioná 
of the initial f1elds Ai) Cf" • ! 

In terma of the variab1es (-27) with nonlocsl commutational 
relationa . 

. [A' a T(....) C.,....)j j1 M JI 7 .a J F:"" -) 
t /. .J:.J t-. ,) Ai ((f :1 '& ::: O Dl o C ~ ~ 

{lf'+"'(~)~)) t.r'r(j:1f)]:: JJ(~~;l) 
theLBgrangian snd the Belinfante tensor coincide with the ones in 
Schwlnger'a paper /5/ where the reIativistic covariance of the non
AbeIiBn transverse fiel~has been proved. 

Non1óca1 varlables (27) are equivalent to the Schwinger vari 
ablea /5/ snd do not correspond to any fixed gouge choice in a11 
the Loretz frames. In each 'new system with 8 time axia olong the 
unit vector' .e~ a new traneveráali ty condition wl11 bê fuI· 
filled 

[ (l)" - ~ (éJ.f)]Aj" = o. 
(JO) 

This ia what the relativistic oovarianoe Df the oanon1ce1 quantiza. 
tion with an explicit eolution of the oonetraint equetion oonsiets 
in. In partioular, for the fermionic Gr,en funct10n in the one
'loop Bpproximation, we obtain expreooions analogous with (17), (18) 
up to the oorreeponding ohanges in ooupling oonstant. Following 
papar /17/ ~nd wi th the h,elp of {A- 1; t.r To j.. varisbleB 'la obta1n 
for th~ Green functiono tho ganerat1n8 tunot1onal 

WT{7~ fT]::JdIjiTdIfTcJlE::d"Ar 'fajJ[ifd~[t.r7+i r + 

-+ Âkr E: - To: '( A", lf'T) + i("T li' ,. '..,.. iji! ~ pr.] j z: tH ) 

I. ::: 5d.~ d ~ d '1Ar cf ( diAi) j e* (v., '6; ) ~ tiJd4'~ (J(+ 

_, .,. f T lf -I- ij; 1 T 3· , , ()2 ) 
Tbis form 18 usually uaed to mD~iv~te difterent heur1q110 met

hode Df Qove~1ant 'quant1z8tion /2/ mnd 0110_0 one to PC5~ ~d any . 

apeeisl gauge oondition, thue provina tbo oq"1v.lonoe 01 QHJ and j 
fIF 8PPl"OSO~CB. 'RowElvel''' expree8io~ (J2) doeI not ~preBon" 'en1l1I'e~lj 
the op@1'ailor-Quantisation specifioo' ~n lleHU1l 01' variablcu# (27 >, 1n J 

partioulár,their oova~i8nt tranetormattpn' law9, explioitly wr1tte~ 

in paper 15/. 'Tbe reaaon ia th6t ir. f)q~' ()2) the tl'anaverfJ~ v"'r1$b~I!, 
las havo bocoma the ordinary Coulomb-gaUS0 varimblcm in tbe Dtrm~ 
approaQ~.w1tb éll t~o problem5' of nonao.sr1ant aomputaiion of ! 
Green'a funotio~s (17) /5.7/. Tho covariant própert1eo o! ~~e .J 

~. 
;.

,.t 

f 

~I 

:1.
 
f 

I'; 

'; 

to, I 11 
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I 
< ! 

transverse variablea become natural after taking into' account ,the 
explicit dependence of the functionaI (J2) on t he time .axã.s ~ 

To do thia, we pass from the gauge (31) to the Lorentz gauge ; 
~ A~ ': O ua'í.ng the tranaformation matr1x .~ t (,4~) : 1

I
, 

<

V; c(AI') = UI> ( r/()' (f, ())( t 'Â) j 
t . L"

~:: ~ - (l.p)~ ; ~ ~~-(e,~)~	 ;' 
I 

(JJ) 

Then.the generating functional (3~) takeé the equivalent form 

WTe[f, fi)d"'dfid~At J(~Af')Jd (fl,J. 'JJ'). 

•€/J.f' f;JArix:4-f(,;/(.41'») 'f"4 <;. (dL{(.4;<;xY'] j 
(J4) 

where an explicit dependence on the time aiia ~~ is preaent. On 
the	 masa ahell all acattering amplitudea except for the one-particle 
one	 (L, e. the Green function reaidue) do not de penô on the matrix 
~L~ and on the time axia. However, the additional diagrama indu
ced	 by 1IL e (A~) play a crucial role in reatoring the correct 
analytical properties of the one-particle Green function, i.e. in 
obtaining an expression aimilar to (18) (as ia known, the naive . 
form of the Lorentz gauge leads to incorrect ana1ytica1 properties 
of the fermionic Green function). Thua th~ canonical quantization 
with an explicit aolution of the constraint equationa (and with 
~auge-invaríant conserved quantitiea and variablea) comes out to 
be not only ~ posaib1e atrong fandation for heuriatic quantization 
methods with a different choice of gauge-conditions, It also gives I,unique values (answer) for auch phyaical quantities which depend 
on the gauge choice in '.the ordinary calculation approaches. Note 

j
that expresaion (18) cannot be reproduCed in any of the re1ativistic 

gaugea. 
The gauge invariant consideration (33), (34) of the analytical ;J. 

progerties of the fermionic Green function may be used to formulate I,. 

a confinement criterion, c'ons í.e t í.ng in the absence of the quark 

Green funct~on poles" /14,16/. 
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Conclua1one 

We have shown that the explicit aolution of the con~traint equ
ationa in gauge theoriea (HF-method) leada to the quantization ache-
me considered by Schwinger /5/. However, there are two differences' 
from thia acheme: the HF-tranaverae· variablea are not postulated 
(they are related in a nonlocal way with the initial ones) and are 
invariant under g~uge transformationa of the latter. Because of the 
nonlocality the claasical and quantum ayatema have the same trans. 
formation propertiea and are relativiatically invariante The tranaverse
variable covariance meana that they follow the time axia rotations 
and their gauge coincides wi th the Coulomb one 0'1.' A I :: O only in 
one fixed Lorentz frame ·t~ ~,P-- :: ~ • 

This fact waa crucial for proving the relativistic covariance
 
of the theory in terma of these transverae variablea on the Feynman
 
diagram leveI and for ita renormalization.
 

In particular the electron relativiatically ~ovariant Green
 
function with correct (from a physical point of view) analytical
 
propertiea haa been computed. A physical principIe for the time-axia
 
choice haa also been established. This meth9d allowed one to quanti 

ze in a unique way the chiral Schwinger modelo In the HF-quantiza

tion the gauge ambiguity for the non-Abelian theory appeara as a
 
dynamical problem of·conaideration of the infrared solution of
 
the conatraints.
 

We have ahown that canonical quantization with an explicit 
aolution of the conatraint equationa is a good candidate for a 
relativiatically invariant check-point for various heu~iBtio quanti 
zation methode and for removing the ambiguitiea ponnected with the 
choice of gauge-conditione. 

We would like to thank B.BarbashoY, V.Nsaterenko 'and A.Pad

juahkin for diacuasiona and Ya. Smorodinaky for ueeful remarkes.
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HnHesa H.rr., HryeH CyaH XaH, llepsymHH B.H. 
faMHnbTOHOBa WoPMYnHPOBKa KanH6pOBOq8WX TeOpHH 
C HB~ pemeHHeM ypaBHeHHH CBHSH 

E2-86-283 

B TeopHH KanH6posoq~ nonea cy~ecTymT s~aqH, pemeHHH Ko
TOPMX SaBHCHT OT B~6opa KanH6pOBKH, HanpHMep: B~CneHHH wep
MHOH~ WYHK~H fpHHa, KBaHTOBaHHe TeopHa c aHOManHHMH, yqeT 
KanH6posoq~ HeOAHOSHaqHOCTeH, HHWpaKpaCHaH aCHMUTOTHKa Hea6e 
neBMX TeopHa. AnH pemeHHH STHX saAaq nonesHo HMeTb WHSHqecKHH 
npH~Hn, C UOMO~biD KOTOpOrO MOXHO orpaHH~Tb npOHSBOn B B~6o
pe KanH6poBKH. B pa6oTe npeAnaraeTCH raMHnbTOHOBa WoPMYnHPOBKa 
KanH6posoq~ TeOpHH C HB~ pemeHHeM ypaBHeHHH CBHSH H pac
CMaTpHBaiDTCH HeCKOnbKO npHMepoB, CBHAeTenbCBym~, qTO yKasaH
~ npHH~Hn MOXHO onpeAenHTb HS CaMOH AHHaMHKH, 

Pa6oTa BbinOnHeHa B na6opaTOPHH TeopeTHqecKOH WHSHKH mum. 
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Ilieva N.P., Nguyen Suan Han, Pervushin V.N. E2-86-283 
Hamiltonian Formulation of Gauge Theories with an 
Explicit Solution of the Constraint Equation 

There are problems in the ga~ge-field theory whose solution 
depends on the gauge choice. Such problems, for example, are 
the computation of the fermionic Green functions, quantization 
of anomalous theories, gauge ambiguities, infrared asymptotics 
of non-Abelian theories, etc, So, a physical principle res
tricting the arbitrariness in the gauge choice would be plau
sible for their consideration. In the present paper we propose 
a Hamiltonian formulation of gauge theories with an explicit 
solution of the constraint equations and consider some exa~ 
ples which show the role of the dynamics in determining the 
above principle, 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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